Abstract: Great volumes of shallow-buried (<2,000 m) natural gases which are mainly composed of biogases and low-mature gases have been found in the Mesozoic-Cenozoic sedimentary basins in China. Many shallow gas reservoirs in China are characterized by coexistence of biogas and low-mature gas, so identifying the genetic types of shallow gases is important for exploration and development in sedimentary basins. In this paper, we study the gas geochemistry characteristics and distribution in different basins, and classify the shallow gas into two genetic types, biogas and low-mature gas. The biogases are subdivided further into two subtypes by their sources, the source rock-derived biogas and hydrocarbon-derived biogas. Based on the burial history of the source rocks, the source rock-derived biogases are divided into primary and secondary biogas. The former is generated from the source rocks in the primary burial stage, and the latter is from uplifted source rocks or those in a secondary burial stage. In addition, the identifying parameters of each type of shallow gas are given. Based on the analysis above, the distributions of each type of shallow gas are studied. The primary biogases generated from source rocks are mostly distributed in Quaternary basins or modern deltas. Most of them migrate in watersoluble or diffused mode, and their migration distance is short. Reservoir and caprock assemblages play an important role in primary biogas accumulation. The secondary biogases are distributed in a basin with secondary burial history. The oil-degraded biogases are distributed near heavy oil pools. The low-mature gases are widely distributed in shallow-buried reservoirs in the Meso-Cenozoic basins.
Introduction
In oil and gas exploration, the natural gas which occurs at depths of less than 2,000 meters is often known as shallow gas. It is widely distributed in the Meso-Cenozoic basins in China, such as the Qaidam, Junggar, Songliao, and Bohai Bay basins, and is mainly composed of biogas and low-mature gas. The biogas is also distributed in the sediments of deltas, such as the Yangtze River Delta. By the end of 2006, the proven geological reserves of biogas are estimated to be 2,860×10 8 m 3 , and the total geological reserves are estimated to be 38,629×10 8 m 3 , which means that the proven reserves account for only 7.4% of the estimated biogas resource (Zhang et al, 2005) . Rice and Claypool (1981) proposed that biogas was generated from organic matter in shallow-buried deposits in a reducing environment. They stated that it is rich in methane and there are two ways for biogas generation, acetic acid fermentation and CO 2 reduction. Pallasser (2000) found that biogas can be generated from trapped oil by biodegradation. Moreover, the organic matter in shallow-buried sediments can also generate gas rich in methane before thermal degradation (Xu et al, 1990; Xu, 1994; Wang et al, 1988; 2003b) . This is called low-mature gas. The biogases are formed by anaerobic bacteria, while the low-mature gases are generated in low temperature and low maturity conditions (Song and Xu, 2005) .
Many shallow gas reservoirs in China are characterized by coexistence of biogas and low-mature gas with different genetic types. Examples include the gas reservoirs in the Liuquan structure of the Langgu Sag and in the Jinhu Sag, northern Jiangsu. Because different genetic types of shallow-buried gases have different accumulation processes, identifying the genetic types is signifi cant for understanding the gas accumulation.
Based on the geochemical characteristics of shallowburied gases in different basins, we defi ne the genetic types of gases according to their source materials and develop an identifi cation standard. The accumulation and distribution of the shallow gases is discussed with examples, which helps exploration for shallow gases in different basins.
Genetic types of shallow-buried gases
There is not a uniform classifi cation for biogases and lowmature gases. In foreign countries, little attention is focused on the genetic types of shallow-buried gases and research has concentrated mainly on coalbed methane (CBM). Based on the study of coal bed biogenic methane in the Powder River Basin, Flores et al (2008) suggested that biogases could be divided into CO 2 reduction biogas and acetic acid fermentation biogas. In China, Dai (1992) believed that the shallow-buried gases consisted of biogases and sub-biogases. Xu (1994) suggested that the shallow-buried gases had two types, biogases and bio-thermal-catalytic transitional gases. Li et al (2005a) divided the biogases into primary biogases and secondary biogases.
Based on the study in the Qaidam, Bohai Bay, TurpanHami, and Yinggehai-Qiongnan basins, the shallow-buried gases are divided into biogases and low-mature gases, and then the biogases are subdivided into two types according to their sources, one is from source rocks, and the other is from hydrocarbon reservoirs. The biogases derived from source rocks are further classifi ed into primary biogases and secondary biogases. Table 1 gives the identifying parameters for each type of the gases.
Primary biogas
The methane content of primary biogases is as high as 98%, the ethane and higher alkane (C 2+ ) content is very low (about 0.5%), the C 1 /C 1-5 ratio is greater than 0.99, and the nonhydrocarbon contents are less than 5% ( Table 2 ). The δ 13 C 1 of the primary biogas is less than -55‰ (Rice and Claypool, 1981; Dai, 1992) .
Primary biogases are generated by acetic acid fermentation or CO 2 reduction. The latter is the main source of biogas. δD CH 4 from acetic acid fermentation is less than -300‰, and δD CH 4 from CO 2 reduction ranges between -300‰ and -160‰. Whiticar et al (1986) analyzed 500 natural gas samples from different basins all over the world and suggested that the δD CH 4 value of natural gases derived from source rocks deposited in fresh-water environment is lower than that of natural gases derived from source rocks deposited in saline waters. Therefore, δD CH 4 is not an effective indicator for biogas identifi cation.
The primary biogases are distributed mainly in the Quaternary in the Qaidam Basin, Neocene-Quaternary in the Yinggehai-Qiongnan Basin, and the Yangtze River Delta. A few primary biogas reservoirs are found in the Tertiary. Shi (2002) conducted biochemical experiments on source rocks sampled from the Mesozoic in the Liaohe Depression and from the Tertiary in the Langgu Sag, and demonstrated that the source rocks after thermal maturation could also generate biogas.
Secondary biogas
Secondary biogas is usually mixed with low-mature gas in a reservoir. The methane content in the secondary biogas is as high as 98%, while the heavy hydrocarbon contents are less than 2% (C 1 /C 1-5 ratio > 0.98) and the nonhydrocarbon contents are rather low. Carbon isotope compositions of methane in the secondary biogases are slightly heavier than those in the primary biogases. Meanwhile, the carbon isotope compositions of ethane and propane in the secondary biogas are also heavier than those in the primary biogas (Table 3) . The sedimentary basins in east China experienced rifting in the Tertiary, and were uplifted in the Himalayan movement. Before the movement, the basins were in the primary burial stage and some source rocks were in the biogas generation stage. After the movement, some source rocks returned to the bacterial activity zone so that secondary biogas was generated. The secondary biogases are mainly distributed in the Bohai Bay Basin and small Tertiary basins, such as the Baoshan and Qujing basins in the Yunnan Province.
Oil-degraded biogas
Anaerobic microorganisms generate biogas from oils in shallow-buried reservoirs (Zhu et al, 2005) . In oil biodegradation, the oil loses its light hydrocarbon components, so that its density, viscosity and sulfur content increase (Zhu et al, 2007) .
Because of the isotope fractionation which occurs during the oil biodegradation, the carbon isotope value of methane in the oil-degraded biogas is very low (-100‰ --55‰), and δ 13 C of CO 2 is abnormally high (up to +2‰) (Table 4) . Oildegraded biogases are often distributed with heavy oils, and usually accumulate with other shallow-buried gases.
The oil-degraded biogases have been found in the west slope of the Songliao Basin, Bohai Bay and Junggar basins. The potential reserves of oil-degraded biogases in the Songliao Basin are estimated to be about 240×10 8 m 3 .
Low-mature gas
The low-mature gas is also called early thermal genetic gas or bio-thermal-catalytic transitional gas (Xu et al, 1990) . Actually, it is formed after the biogas generation and before the oil generation peak (Xu, 1994; 1999) . Low-mature gases are characterized by lower C 1 /C 1-5 ratio (0.7-0.9) and heavier carbon isotope (δ 13 C 1 between -55‰ and -42‰) compared with those of biogases.
The identification of low-mature gas is a disputed issue. Galimov (1988) believed that R o of the source rocks generating low-mature gas ranged from 0.5% to 0.7% based on the study of Siberian gas. Wang et al (2003b) concluded that the low-mature gases are generated from the source rocks with R o from 0.4% to 0.55%, even up to 0.7%, and the burial depth of the source rocks is 1,000-2,500 m, even up to 3,000 m. Xu et al (2008) suggested that source rocks generated low-mature gas when R o was less than 0.8%.
Distribution of various genetic types of shallow-buried gases
The distributions of shallow-buried gases are controlled by the sources. Biogas generation needs conditions suitable for microorganism metabolism, such as temperature between 35°C and 75°C and appropriate pH, Eh and salinity (Chen et al, 1994) . The distribution of shallow-buried gases is also controlled by structural aspects, sedimentary facies and seal qualities.
Distribution of primary biogases
The primary biogases are mainly distributed in the Quaternary basins or modern delta deposits, such as the eastern Qaidam Basin and the Yangtze River Delta. The primary biogases migrate in water-soluble or diffused mode. The migration distance is short, so most of the biogas reservoirs are distributed near the source kitchens.
The primary biogas reservoirs have high porosity and permeability due to their weak diagenesis. The dynamic balance of charging and dissipating of biogases in the reservoirs plays an important role in the biogas accumulation. In general, the biogas charging quantity is closely controlled by gas generating intensity. If the biogas source is suffi cient, the cap-rock controls the enrichment of biogas in the charging area.
Taking the Es 1 primary biogas reservoir in the Yangxin Sub-sag for example, a series of traps are developed on the slope and structural highs, just updip on the source kitchen, and are charged fully with the biogas (Fig. 1) . Its source rocks are grey mudstones and dark-grey oil shales with R o between 0.27% and 0.35%, and TOC contents between 0.22% and 11.80%. The source rocks have been in the biogas generation stage since Ng. The reservoirs are mainly bioclastic limestones and dolomites deposited in lakeshore or sand sheet facies with high porosity and permeability with a caprock of lacustrine mudstones. The biogases in the Yangxin Sub-sag migrated in watersoluble or diffused mode. The migration distance is short because the biogases diffuse easily in rocks with weak diagenesis. Biogases mostly accumulated in the central uplift near the sub-sags. In the central uplift, many traps developed, which were suitable for gas capturing (Fig. 1) . Biogases from the west sub-sag accumulated in the eastern drape structure and fi nally structural-lithologic gas pools were formed. The biogases in the Yangxin Sub-sag were preserved because of good cap-rocks and a lack of faulting.
Distribution of secondary biogases
Study of secondary biogas has been mainly about whether the source rocks are able to generate biogas after thermal evolution, but the distribution of secondary biogas is less studied.
The source rocks of the secondary biogas experienced thermal evolution, and were then uplifted to the bacterial activity zone. These source rocks are widely distributed in basins. During the Mesozoic-Tertiary, some basins were in a rifting stage and in deep-water environments, so that source rocks were deposited. In the Himalayan movement, most of the basins were uplifted, and the source rocks went back into the biological activity zone. Thus, the secondary biogases could be generated.
Faults are well developed in the rift basins. The faults not only provide good migration pathways for biogases when they are active, but also act as a good seal for the biogases when they are not active.
Taking the Es 3 secondary biogas in the Liuquan structure as an example, fault activities are signifi cant in gas accumulation (Fig. 2) . The Liuquan structure has experienced complex tectonic activities, and many faults are developed. The distributions of biogases are controlled by the source conditions and fault activities. The evolution of source rocks can be divided into three stages, I: primary subsidence stage, II: uplift stage, III: secondary subsidence stage (Fig. 2) .
During the first two stages, almost all faults are active, and the sediments are strongly uplifted by the structural movement so biogases were not easily preserved. Taking the Q2 well as an example, the distance between the top of the Es 3 formation and the bottom of the Ng formation is only 100 m (Fig. 3) . After Ng, the secondary biogases are easy to be preserved because of weak fault activities.
Therefore, secondary biogas accumulation occurs in basins or depressions with uplifting or secondary burial history, and is controlled by fault activities.
Distribution of oil-degraded biogas
Oil-degraded biogases accumulated near heavy oil pools. In the biogas generation, water activity is important for microorganism propagation so that the biogas reservoirs are often located near the oil-water contact. The biogas reserves are determined by the quantity of biodegraded oils.
Oil-degraded biogases are distributed in shallow reservoirs in the Songliao, Bohai Bay (Fig. 4) and Junggar basins, because many heavy oil reservoirs are distributed in these basins.
The Alaxin lithologic-structural gas reservoir is located in the west slope of the Songliao Basin. It is less than 700 m deep. The reserves of biogases are 1.74×10 9 m 3 , and the daily gas production is 0.115×10 6 m 3 . It is a shallow-buried, low abundance, high production small gas field. The gases are characterized by high methane content and relatively light δ 13 C 1 with the content from -83.88‰ to -58.25‰, showing microorganism degradation characteristics.
The sources of Alaxin biogases are oil pools (reserves are 3.15 million ton) around the biogases. The oil pools are commonly degraded and most of the n-alkane in oil has been degraded by microorganisms (Fig. 5) . The Alaxin biogas reservoirs are grey green mudstones and siltstones deposited The source rocks of Liuquan biogases are mainly dark lacustrine mudstones with thicknesses of 1,100 m. Their TOC contents are 1.24%-1.98%, and R o value is generally 0.5. The kerogen type is mainly II 1 -II 2 . The source rocks are less than 2,000 m deep because of tectonic movements, and are favorable for biogas generation. The reservoirs consist of delta, fan delta and sublacustrine fan sandstones. The porosity is from 11.2% to 32.6% with an average of 26.8%, and the permeability is 0.1-876 md with an average of 193.6 md. The lacustrine mudstones cover the reservoirs directly as of biogas and low-mature gas. The biogas is divided into two types according to their sources, one is from source rocks, and the other is from hydrocarbon reservoirs. The biogases derived from source rocks are classifi ed further into primary biogas and secondary biogas. The former is generated from immature source rocks in primary burial stage, and the latter is generated from the source rocks in uplift or secondary burial stage.
The identifying parameters of shallow-buried gas are given. Choosing suitable identifying parameters combined with the analysis of accumulation conditions can distinguish the genetic types of shallow-buried gases effectively. The heavy hydrocarbon content of biogas is lower than that of low-mature gas. The former is lower than 0.5%, and the latter is about 2%-30%. The δ 13 C 1 of biogas is less than -55‰, but that of low-mature gas is about -50‰ to -42‰. The difference between biogas derived from source rocks and biogas derived from hydrocarbon reservoirs is mainly demonstrated in the δ 13 C of CO 2 . The latter is much heavier than the former. The carbon isotope of heavy hydrocarbons can be used to identify the primary biogas and secondary biogas. The heavy hydrocarbons of secondary biogas show thermal genetic characteristics and their carbon isotope of C 2+ is heavier than that of the primary biogas, generally δ 13 C 2 >-40‰. The distribution of different types of shallow-buried gas is controlled by different factors. Primary biogas generated from source rocks is mostly distributed in Quaternary basins or modern deltas, and its accumulation is controlled by the properties of the reservoir and caprock assemblages. Secondary biogas is mainly found in a basin with secondary burial history, and the distribution is controlled by fault activity. The oil-degraded biogas is distributed near heavy oil pools, and the more the oil is biodegraded, the more biogas accumulated. The low-mature gases are widely distributed in shallow-buried reservoirs in many basins.
